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Abstract

Suboptimal performance during neuropsychological testing can seriously complicate assess-

ment in behavioural neurotoxicology. We present data on the prevalence of suboptimal 

performance in a group of Dutch patients with suspected Chronic Toxic Encephalopathy (CTE) 

after long-term occupational exposure to solvents. One hundred and forty-five subjects referred 

to one of two Dutch national assessment centres for CTE were administered the Amsterdam 

Short Memory Test (ASTM) and the Test of Memory Malingering (TOMM), two tests specifically 

developed for the detection of suboptimal performance. For both tests, very cautious cut-off 

scores were chosen with a specificity of 99%. Results indicated that suboptimal performance 

appears to be a substantial problem in this group of patients with suspected CTE after long-

term exposure to organic solvents. Only 54% of our subjects obtained normal scores on both tests 

of malingering, i.e. at or above cut-off score. The two tests seemed to measure the same concept 

in that nearly all the subjects with low TOMM-scores also had low ASTM-scores. However, a 

higher proportion of subjects scored below the cut-off on the ASTM than on the TOMM. 

Introduction

Long-term exposure to organic solvents may lead to symptoms of impaired concentration 

and memory, irritability, fatigue, instability of affect and difficulties in impulse control. This 

syndrome is called chronic toxic encephalopathy (CTE), also referred to as toxicant-induced 

organic brain syndrome. The symptoms of CTE are difficult to objectify. Therefore, the World 

Health Organization formulated criteria for the diagnostic classification [1] and advised a core 

battery of neuropsychological tests for use in diagnosing CTE [2]. This battery focuses on the 

neuropsychological domains of psychomotor functioning, memory and attention.

Neuropsychological testing is the keystone in substantiating cognitive complaints associated 

with solvent exposure. The results of neuropsychological testing, however, may be invalidated 

by intentional or unintentional production of mental symptoms or by aggravation of cognitive 

problems. Fabrication or aggravation of symptoms is often found in other syndromes characterised 

by subjective complaints, such as chronic whiplash [3, 4], chronic fatigue [5], or postconcussional 

syndromes [6]. It should also be considered in patients who are engaged in litigation or financial 

compensation procedures [3, 6]. There may be a variety of reasons for fabrication or aggravation 
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of symptoms in these populations, ranging from subconscious sick-role playing to hysterical 

presentations of various types to intentional faking. In this paper we will use the neutral term 

“suboptimal performance” which has no motivational signification.

In cases of suspected CTE, suboptimal performance may be a problem, because CTE symptoms 

are subjective and patients are often involved in litigation procedures. White and Proctor therefore 

advocated the use of specific tests for motivation and malingering in patients with suspected 

CTE [7]. Surprisingly, there are no data on the prevalence of suboptimal performance in patients 

with suspected CTE. In a survey of diagnostic protocols for CTE used in 18 assessment centres for 

occupational diseases throughout the world, Van der Hoek et al. found that only three centres 

used specific tests to detect suboptimal performance. Five centres used a lack of consistency across 

tests as a technique to detect suboptimal performance, whereas 10 centres did not explicitly 

operationalise the concept of suboptimal performance in their test interpretation [8]. 

In this report we present data on the prevalence of suboptimal performance in a large group 

of Dutch patients with suspected CTE. This study is part of a nation-wide research program 

concerning chronic toxic encephalopathy.

Materials and methods
Participants

Included were 184 subjects with suspected CTE who were referred by general practitioners or 

medical officers to one of the two locations of the Netherlands Centre of Occupational Diseases in 

the years of 1998 to 2000, and completed the entire diagnostic protocol [9]. This diagnostic protocol 

includes three stages. All 184 subjects reached the third stage. In the first stage, the symptoms 

and the medical and occupational history are assessed by interview, and routine blood tests are 

done. In order to pass on to the second stage, the following criteria should be met: long and/or 

heavy exposure to organic solvents, relevant symptoms, a relation in time between exposure and 

development of symptoms and signs, and no obvious other cause for the disease. In the second 

stage the computer-based Neurobehavioral Evaluation System (NES2) is administered [10, 11]. If 

NES testing reveals abnormal scores on two or more of six selected subtests, the patient enters 

the third stage. The third stage consists of a clinical neurological examination, the assessment 

of an exposure index, and a comprehensive standardised neuropsychological evaluation [12]. The 

occupational hygienist uses a retrospective exposure index to assess the level of exposure. This in-
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dex consists of the sum of scores on four variables, namely, duration of exposure, level of exposure, 

symptoms of acute intoxication, and use of personal protection equipment. The exposure-index 

ranges from 0  (no exposure) to 9 (high exposure). An exposure from 0 to 4 is classified as “low”, 5 

and 6 is classified as “intermediate” and 7, 8 and 9 is classified as “high” exposure. 

Measures 

Two tests specifically devised for the detection of suboptimal performance were included in 

the neuropsychological battery, the Amsterdam Short Memory Test (ASTM) [13] and the Test 

of Memory Malingering (TOMM) [14]. Both tests have been constructed according to the 

symptom validity testing paradigm and have been validated in several studies [3, 13, 14, 15, 16].  

In a symptom validity test a set of memory stimuli is presented, followed by a forced choice 

recognition task. The TOMM is a visual and the ASTM is a verbal memory test. Both tests appear 

to be difficult memory tasks, but even people with brain damage can perform the tests well. 

Norm-based cut-off scores have been established below which a subject is considered to be 

suboptimally performing [13, 14].  

Analyses 

Percentages of subnormal TOMM and the ASTM scores were calculated. The advocated cut-off 

score of the TOMM was used. The specificity at this point is 99%. This implies that less than 1% 

of a reference group of neurological patients with various diagnoses, all of them cognitively 

impaired, score below cut-off. Using these cut-off scores, there is less than a 1% chance that a 

person will incorrectly be considered to have a suboptimal performance [14]. For the ASTM, we 

used a more stringent cut-off score than the advised cut-off score. This was done to ensure an 

equally high specificity of 99% [13].

To assess possible relationships between the outcome measures and relevant subject 

characteristics like age, education, and exposure, we performed logistic regression analysis, 

with the TOMM and the ASTM as dependent, and the subject characteristics as independent 

variables.  
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Table 1: Group Characteristics 

N Mean Standard 

Deviation

Range

Age (years) 184 46.7 8.3 25.5 – 67.2

Exposure Duration (years) 184 22.7 10.0 1 – 43

Table 2: Group Characteristics

Frequency Percent

Gender Male 177 96.0

Female 7 4.0

Education* Primary Education 13 7.1

Lower Occupational 

(no diploma)

32 17.4

Lower Occupational 

(diploma)

92 50.0

Mid-Level 35 19.0

College 12 6.5

Level of Exposure Low 18 9.7

Intermediate 136 74.0

High 27 14.7

Not assessed 3 1.6

Occupation Painters/ Paint Industry 64 34.8

Spray-painters 34 18.4

Printers 24 13.1

Chemical/paint industry 10 5.4

Upholsterers 6 3.2

Others 37 20.1

Missing 9 4.9

* Education is classified into five categories: primary education, lower occupational education without 
diploma, lower occupational education with diploma, mid-level occupational education, and college 
or university. (This classification system is not based on years of education, but on intellectual level of 
education)
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Results

184 subjects took part in the diagnostic procedure. Tables 1 and 2 summarise the characteristics 

of the study group. In short, most subjects were males in their forties with a lower 

occupational education. Mean exposure duration was 23 years, and modal level of exposure was 

intermediate. 

All subjects completed the TOMM and 145 the ASTM. For 39 subjects the ASTM was not 

administered in the clinical evaluation, because these subjects exceeded the time limit of the 

neuropsychological assessment procedure. However, the ASTM was only skipped when the 

TOMM score gave no indication for suboptimal performance. The mean TOMM score for those 

subjects who did not complete the ASTM was 47.7 (SD=5.6) compared with 46.7 (SD=5.4) for those 

who completed both tests. The difference was not significant (Mann-Whitney U test, p=0.18). 

The mean TOMM score for 184 subjects was 46.9 (SD 5.4; range 22-50); 34 out of 184 subjects  

(18.5%) performed below the TOMM cut-off score on either Trial 2 or the Retention Trial. The 

mean ASTM-score for N=145 subjects was 80.5 (SD 6.1; range 61 - 90); 63 subjects (43.4%) had 

scores below the ASTM cut-off score. One hundred nine subjects (75.2%) had scores below the 

recommended ASTM cut-off score in the manual. No subjects significantly performed below 

chance level on either the TOMM or the ASTM. 

There was agreement between the TOMM and ASTM scores in 106 out of 145 cases (73%): 79 

subjects (54%) had normal scores on both TOMM and ASTM (i.e., scores higher than the cut-off 

Table 3: Numbers and percentages of CTE patients obtaining normal or low scores on the Test of Memory 

Malingering (TOMM) and Amsterdam Short Term Memory test (ASTM).

ASTM Total

Normal Subnormal

TOMM Normal Count 79 36 115

% of Total 54.5% 24.8%  79.3%

Subnormal Count  3 27  30

% of Total  2.1% 18.6%  20.7%

Total Count 82 63 145

% of Total 56.6% 43.4% 100.0%

The data are expressed as number of patients (percentage of total)
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value), 27 subjects (19%) had low scores on both tests (i.e., scores lower than the cut-off value). 

Thirty-six subjects (25%) had normal TOMM scores, but low ASTM scores and only 3 subjects 

(2%) had low TOMM-scores and normal ASTM scores. 

Spearman’s rank correlation between ASTM and TOMM scores was 0.54 (p<0.01).

Logistic regression analysis showed that TOMM- and ASTM-scores were independent of 

age, education, exposure duration and severity. 

Discussion

The results of this nation-wide study indicate that suboptimal performance is indeed a sub–

stantial problem in patients with suspected CTE. Only 54% of our subjects performed normally 

on both tests of malingering. Nineteen per cent had low scores on both tests, and 45% had low 

scores on at least one of the tests, although we used very cautious cut-off scores with a specificity 

of 99%. With the advised cut-off score for the ASTM, as many of 75% of the subjects could be 

considered to have a suboptimal performance. While this study group was a highly selected one, 

being referred by medical officers and general practitioners, and although it is not representative 

for the population working with solvents, it is representative of the small sub-population with 

lasting cognitive complaints. The referral process probably even reduced the number of subjects 

with suboptimal performance, because subjects without significant exposure were not referred 

for further diagnosis. Viewed from this point, our results are even more striking. 

Our findings need not imply that a large proportion of patients with suspected CTE is 

consciously malingering during the neuropsychological evaluation. The behaviour of these 

patients (in the test situation as well as in a broader context) may be due to their focussing 

on a somatic explanation for their complaints or to their feeling that medical practitioners 

or their social environment do not take their problems seriously. Whatever the reason for 

the suboptimal performance, it undermines the ability to accurately interpret the results of 

other neuropsychological tests. Thus, when specific tests for the detection of malingering give 

indication for suboptimal performance, we cannot conclude that the low scores of these subjects 

on other cognitive tests are due to neurological disorders. 

The two detection methods used gave rather different results for the proportion of poor 

performance. This difference reflects once more the problems of developing methods for 

detecting suboptimal performance. There is no “gold standard” to determine with certainty 

Table 3: Numbers and percentages of CTE patients obtaining normal or low scores on the Test of Memory 

Malingering (TOMM) and Amsterdam Short Term Memory test (ASTM).

ASTM Total

Normal Subnormal

TOMM Normal Count 79 36 115

% of Total 54.5% 24.8%  79.3%

Subnormal Count  3 27  30

% of Total  2.1% 18.6%  20.7%

Total Count 82 63 145

% of Total 56.6% 43.4% 100.0%

The data are expressed as number of patients (percentage of total)



chapter 3  

52

chapter 3  

52

whether subjects are producing or aggravating symptoms other than the clinical tests or 

experimental procedures being investigated, so we cannot directly determine the criterion 

validity of these tests [17]. Nevertheless, the two tests seemed to measure the same concept in 

that nearly all the subjects with low TOMM scores also had low ASTM scores. But low ASTM 

scores were not necessarily seen in association with low TOMM scores. The ASTM gave a higher 

proportion of scores consistent with suboptimal performance. These results are similar to those 

of Green et al., who compared the TOMM and another detection test for malingering, the Word 

Memory Test (WMT) [18]. They found that nearly all the subjects who failed the TOMM also 

failed the WMT, but many subjects passed the TOMM and failed the WMT. 

There are several possible explanations for this difference in results. Firstly, our test 

procedure of not administering the ASTM in case of lack of time, provided that TOMM-

scores were normal, may have resulted in a slight overestimation of suboptimal performance 

on the ASTM. However, this is not very probable because differences between the subgroup 

administered only the TOMM and the subgroup administered both the TOMM and the ASTM 

were not significant. So, the test procedure alone cannot account for the discrepancy. Secondly, 

differences in the objective difficulty of both tests may have influenced our results. Validation 

studies show that the TOMM score may be normal in patients with Alzheimer’s disease, whereas 

the ASTM test is considered to be too difficult for these patients [13]. One could argue that the 

poor ASTM scores of our subjects thus reflect severe cognitive problems. This, however, is not 

very probable, because the symptoms of our patient group were not nearly as severe as those 

of demented patients and did not fit the diagnostic criteria for dementia.  A third explanation 

is that subjects may perceive the distraction element in the ASTM as very difficult, and in this 

sense the test result may be a reflection of their attention problems. However, even subjects 

with attention problems as a long-term result of traumatic brain injury have normal scores on 

the ASTM.  

A fourth possible explanation is that subjects perceive the ASTM, a verbal task, as more 

relevant to their subjective memory complaints than the TOMM, a visual task. If this is the case 

the ASTM might be more sensitive than non-verbal tasks in detecting suboptimal performance. 

Gervais et al. illustrated this possibility [19]. They administered a memory complaint 

questionnaire to a group of patients undergoing compensation-related neuropsychological 

evaluation. Subjects reported more verbal memory complaints than numerical and visual spatial 

memory complaints. A study by Bolan confirms that subjects perceive the ASTM as more difficult 

than the TOMM, which renders the ASTM test more sensitive to suboptimal performance  [16]. 

In conclusion, the results of this study underscore the notion that clinicians evaluating 
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patients with cognitive complaints after long-term exposure to organic solvents must be alert 

to the possibility of malingering and other kinds of suboptimal performance and that specific 

detection methods should be part of the diagnostic protocol. However, it should be borne in mind 

that the detection tests currently in use do not give direct evidence for a deliberate malingering 

intention of the subject. Suboptimal performance can be the result of a range of motivations, 

from a deliberate, fraudulent intention to an unconscious aggravation of symptoms. 
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